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A STUDY OF PAPERBOARD QUALITY AS RELATED TO BOX PERFORMANCE
BASELINE STUDIES. I. TIIE EVALUATION OF CURRENT KRAFT LINERS
AND CORRUGATING MEDIUMS
GENERAL INTRODUCTION
Project 1108 of The Institute of-Paper Chemistry is.
a long range program of research and development,
-which has as.its objective the development of the basic
information needed for improving the measurement
and control of the quality of box components and box
performance. It was apparent that an objective scien-
tific approach to this problem would require the devel-
opment of more adequate means of evaluating the
quality of boxes and box components: In other words,
it is necessary to create reliable "yardsticks" for the
selection of raw materials, for the control of manufac-
turing and converting variables, for the facilitation of
design, and for the measurement and prediction of per-
formance.
The broad outline of procedure for the development
of basic information was as follows:
I. Review of literature and previous experience
II. Review of existing test methods
III. Review of available box performance data
IV. Instrumentation or improvement of present testing methods and
the development of new methods
V. Research, testing and development (including field observation
of performance and analysis of field hazards) on materials and





VI. Interpretation and application of results
This study was undertaken in 1944 in co-operation
with the Fourdrinier Kraft Board Institute, whose
membership was composed of the following organiza-
tions:
The Brown Paper Mill Company, Inc.
The Chesapeake Corporation
Hummel-Ross Fibre Corporation
International Paper Company, Southern Kraft Di-
vision
National Container Corporation
St. Joe Paper Company
Union Bag & Paper Corporation
West Virginia Pulp & Paper Company
These mills produce a substantial percentage of the
kraft liner and corrugating board made in this country.
INTRODUCTION TO BASELINE STUDY
Essential to any long-range program of this. nature
is the establishment of a baseline for reference through-
out the course of the study. It was decided, therefore,
that an index of the quality of the current production
of the co-operating mills should be established as a
baseline. This baseline was to be determined as accu-
rately as was feasible within the limitations imposed by
existing testing techniques and by wartime operating
conditions- in the paperboard-industry. The baseline
study was to be undertaken as early as possible. How-
ever, some of the work under Sections I, II, III, and
IV outlined above was to be pursued concurrently with
the baseline study. The procedure for the establish-
ment of the baseline was divided into two phases.
The first phase of the baseline study was concerned
with the problem of sampling, in a truly impartial
cross-sectional manner, the current routine production
of the co-operating mills and evaluating these samples
as completely as possible by means of existing board
testing methods. It is with this phase of the baseline
study that the present report is primarily concerned.
As it would have been almost impossible to deter-
mine the quality index for each grade currently manu-
factured by the various mills, it was decided to base
the index on 42-lb. D.F.B.S. (dry finish both sides)
kraft liner and- .009/26-lb. corrugating medium pro-
duction.
The selection of sample rolls was to be done by rep-
resentatives of The Institute of Paper Chemistry from
converters' warehouse stocks, rather than at the pro-
ducing mills. The producing mills had no previous
knowledge or control of the time or place of sampling
or of the identity or quantity of their product sampled.
Samples from the selected rolls were evaluated in the
laboratories of The Institute of Paper Chemistry. The
rolls thus sampled were set aside for subsequent use by
The Institute of Paper Chemistry in the second phase
of the baseline study.
Phase two of the baseline study involved (1) the se-
lection of the most representative rolls of each mill's
sampled production, and (2) the fabrication of these
representative rolls into corrugated combined boards
and their conversion into boxes. The corrugating op-
eration and the conversion into boxes were to be car-
ried out by an impartial boxmaker under carefully
controlled, but normal, conditions of manufacture and
according to a predetermined schedule of component
combinations. Evaluation of the combined board and
boxes produced was then to be carried out at The In-
stitute of Paper Chemistry by means of conventional
board and; box testing methods.
The purpose-of this phase of the baseline study was
threefold. First, it would provide information concern-
ing the deviation in test values which may be obtained
with a given group of component parts under closely
controlled conditions of corrugating and box making.
Second, it would provide a further means of comparing
5
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the quality of board from the various mills. Third, it
would provide additional data required for the estab-
lishment of the current quality index-namely, data
on combined board and boxes.
In order to complete the baseline study within a rea-
sonable period of time, it -was necessary to limit the
variables of combination and box design. Accordingly,
it was decided that the corrugated board should be
"B" flute with starch adhesive and that the combined
board should be converted into R.S.C. 24 No. 22 can
size domestic can boxes with stitched joints.
SUMMARY
This report covers the first phase of a baseline study
which, in turn, is a part of a long-range investigation
of paperboard and fiber-box performance.
The results of this phase of-the study indicate that
the average quality of the sampled 42-lb. D.F.B.S.
Fourdrinier kraft liner and of .009/26-lb. kraft and
bogus corrugating mediums were as follows:
Basis weight, lb./1000 sq. ft.
Caliper, in.
Apparent density, lb./cu. ft.
lBursting strength, points














































It should be remembered that these data are based
on the actual rolls sampled and on conventional test
methods.
For those tests in-which-orientation of the specimen
is specified, the approximate ratios observed in the
in-machine direction and in the across-machine direc-











The ratio of the bursting strength to the G. E'. punc-
ture test on 42-lb. D.F.B.S. Fourdrinier kraft liner was
of the order of 2.7:1'.
The ratio was not computed for the .009/26-lb. cor-
rugating medium since the relatively high capacity of
the G. E. puncture tester did not allow sufficient sub-
division of the scale to permit distinguishing between
the low values obtained with any degree of accuracy.
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SAMPLING AND TESTING PROCEDURES
SAMPLING PROCEDURE
The materials tested were 42-lb. D.F.B.S. (dry finish
both sides) Fourdrinier kraft liners and .009/26-lb.
kraft and bogus Fourdrinier corrugating mediums. All
the component rolls from which the samples were ob-
tained were manufactured by member mills of the
Fourdrinier Kraft Board Institute. Inasmuch as some
of the members of the Fourdrinier Kraft Board Insti-
tute operate more than one mill, it was decided to
establish the baseline of current production by giving
equal representation to each mill, rather than to each
parent company, in the cross-sectional sampling. In
this way, the coverage of the field was substantially
complete in respect to the quality of board produced
by individual mills, as well as within a given company.
The component samples were obtained by three
members of the staff of -The Institute of Paper Chem-
istry from full rolls selected at random in a large num-
ber of converters' warehouses. An attempt was made
to secure sample rolls produced during the first quarter
of 1945. Wherever possible, the production period cov-
ered by this sampling was narrow enough to be con-
sidered current, yet broad enough to eliminate the
day-to-day variation in each mill's operation.
At the beginning of this program, each Fourdrinier
Kraft Board Institute member submitted a complete
list of customers to The Institute of Paper Chemistry.
The co-operating converters were chosen by The In-
stitute of Paper Chemistry from these customer lists,
partly on the basis of geographic location and partly
by the necessity of adequately sampling grades of each
mill's production.
The collection of random rolls of liner and corrugat-
ing medium proved to be a difficult and laborious task.
The hand-to-mouth supply of most converters, caused
by the shortage of materials, made it necessary to
search more widely and more diligently than had been
anticipated. The sampling program was started on
March 19, 1945 and completed on May 26, 1945, dur-
ing which time a total of 280 rolls had been sampled
and set aside in 41 converters' warehouses.
The original program called for the sampling of five
rolls, selected at random, of each grade of each mill's
production in each of four converters' warehouses. The
samples from each of the 20 rolls per mill per grade
would give a cross-sectional view of the current pro-
duction for each mill for the grades selected. As may
be observed from Table I, it was necessary in some
cases to modify the number of rolls sampled because of
the scarcity of materials. This was especially true with
respect to the corrugating mediums, as additional gov-
ernment restrictions regarding the use of .009/26-lb.
kraft corrugating medium went into effect soon after
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Throughout the roll-sampling program, three sam-
ples were taken from each roll. These were designated
by the terms right, left, and center, and corresponded
to the samples taken from the two sides and center of
the roll, respectively. These terms were applied to the
roll in the following manner: When the observer faced
the roll and the board was unwinding over the top of
the roll towards the observer, the right of the roll was
on the observer's right and the left on the observer's
left. The side samples, rights and lefts, were taken
near but always slightly removed from the edge of the
roll. The complete identity of each roll was maintained
throughout.
The actual sampling technique was as follows: After
selecting at random a roll of the desired grade and
manufacturer, the outer laps of the roll were removed
to a depth of approximately one fourth of an inch until
the undamaged portion of the roll was exposed. Three
full laps, or their equivalent, of undamaged board were
then removed the full width of the roll for test pur-
poses. From the innermost lap selected, a strip ap-
proximately one foot long was cut the full width of the
roll and three moisture samples were taken from the
strip, corresponding to the right, center, and left of the
roll. Each moisture sample was cut to approximately
one square foot and weighed immediately to obtain the
airdry weight. Each of the laps and each of the mois-
ture samples were carefully marked with all the neces-
sary roll identification as to the manufacturer, (late
manufactured, roll number, width, weight, grade, left
and right side, and- the name of converter in whose
warehouse the rolls were sampled. The materials were
carefully wrapped and shipped by Railway Express to
The Institute of Paper Chemistry at Appleton, Wis-
consin.
Upon their arrival at The Institute of Paper Chem-
istry, the laps were cut into three sample lots of at
least 20'specimens each. The specimens in each sample
lot were cut to approximately 13 by 13 inches, thor-
oughly shuffled, and arranged in two groups of 10 each
7
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subsequent testing and the other was stored for future . - . " iNumber of ' 
reference. The 10-specimen group selected for testing
was again shuffled, and arranged in two groups of five
specimens each by alternate selection. One group was
used for bursting strength and G. E. puncture test and
the other group was used-for basis weight, caliper, tear,
tensile, stretch, and Riehle compression tests.
MAIATERIALS SAMPLED
As previously mentioned, the materials tested con-
sisted~f three-lots of specimens taken from-the-outer
laps of rolls sampled in a large number of converters'
warehouses. The following summarizes the samples
taken:
178 rolls of 42-lb. D.F.B.S. Fourdrinier kraft liner
89 rolls of .009/26-lb. Fourdrinier kraft corrugating medium
13 rolls of 009/26-lb. Fourdrinier bogus corrugating medium
The rolls listed above were obtained from 11 differ-
ent mills. Some mills manufactured both liner and
corrugating, whereas others made only liner or corru-
gating. The breakdown of the rolls as to manufacturers
and the number sampled may be seen in Table I.
A list of the converters and the number of rolls sam-
pled in each converter's warehouse is shown in Table
II. It should be mentioned that, without the convert-
er's co-operation, this study could not have been made








Co., Inc. Brooklyn, N. V.
Menasha Wooden Ware Corp. Mcnasha, Wis.
National Box & Specialty Co. Sheboygan, Wis.
National Container Corp. (Long
Island City Division) Long Island, N. V
Owens-Illinois Glass Co. Gas City, Ind.
Pomeroy Manufacturing Co., Inc. Vincennes, Ind.
Scharff-Koken Manufacturing Co. St. Louis, Mu.
Schiffenhaus Bros. Corrugated
-a ePaper Co. - --Newark.N J.
Superior Paper Products Co. Pittsburgh, Pa.
U. S. Corrugated-Fibre Box Co. Indianapolis, Ind.













As previously mentioned, three samples of at least
20 specimens each were taken from each roll selected.
The identity of these three roll samples was maintained
throughout the entire testing program. The final roll
values are based on the averages of the three sample
lots.
Prior to testing, all of. these roll samples were pre-
conditioned for at least six hours at a relative humidity
of not over 35%. After the designated preconditioning
period, the samples were conditioned for at least 48
hours and tested in an atmosphere at 50 ±2% relative
humidity and a temperature of 73 ±3.5° F. The tests
used in this phase of.the work were those currently
employed and recognized in the industry. The tests






Atlas Corrugated Case Co., Inc.
Ball Brothers Co.
Baltimore Paper Box Co.






Fort Wayne Corrugated Paper Co.
Fort Wayne Corrugated Paper Co.
Gaylord Container Corp.




Hummel & Downing Co.
Inland Container Corp.
International Paper Co. (Con-
tainer Division)





F. J. Kress Box Co.
Lanzit Corrugated Box Co.
Liberty Corrugated Container
Corp.
Light Corrugated Box Corp.
IIarrison, N.J.
Boston, Mass.





























































The airdry weight was determined by the represen-
tatives of The Institute of Paper Chemistry in the
various converters' warehouses wherein the rolls were
sampled. A strip approximately one foot in length, the
full width of the roll, was cut from the innermost lap
of those obtained from each roll sampled. This cross-
sectional strip was then cut into three approximately
square foot specimens taken at the center and near
each end of the roll. which were weighed immediately.
These weighed specimens were then forwarded to The
Institute of Paper Chemistry where they were dried to
constant weight in an oven equipped with forced circu-
lation and maintained at a temperature of 105 ±2° C.
The percentage moisture for each specimen was calcu-
lated on the ovendry basis. The final moisture value
for each roll was the average of the moisture values of
the three specimens taken from each roll 
BASIS WEIGHT
The basis weight, expressed as the weight per thou-
sand square feet, was determined by weighing five
12 by 12-inch conditioned'specimens from each sample
on a Toledo basis-weight scale.
8
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FiGURE 1. Jumbo Mullen tester.
CALIPER
The thickness determinations were made with a
Cady micrometer on the specimens previously used for
the basis weight determination. The machine direction
was noted and care was taken to measure and record
the average of the values determined at three different
points on a line perpendicular to the machine direction
across one end of the specimen sheet. Another series of
three readings, taken at the opposite end of the speci-
men sheet,. was recorded as a second average. In this
manner two values (each being the average of three
readings) for each of the five specimens per sample re-
sulted in ten recorded values, the average of which was
expressed as the caliper value for that particular
sample.
BURSTING STRENGTI
Bursting strength tests were performed with a
motor-driven "Jumbo" Mullen tester equipped with a
300-pound gage and also with a special attachment for
controlling the clamping pressure on the specimen.
'This tester is shown in Figure 1. Two test readings
were obtained on each of five specimens per sample.
On each specimen one test was obtained with the dia-
phragm pressure applied to the wire side and one test
with the pressure applied to the felt side.
G. E. PUNCTURE TEST
The G. E. puncture tests were carried out with the
new model puncture tester shown in Figure 2. TAPPI
Method T 803 m-44 was followed, using the same five
specimens as were used for determination of bursting
strength. Two punctures, one in each direction, were
made for each specimen.
TENSILE STRENGTH AND STRETCH
The Amthor tensile tester was used for simultane-
ously indicating the tensile breaking strength and the
stretch of the test specimen. This instrument, as shown
in Figure 3, is of the pendulum type, having three inde-
: r rr I -
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FIGURE 2. General Electric puncture tester.
pendent load-indicating ranges-0 to 15, 0 to 50, and
0 to 200 pounds. At the start of the test the distance
between the edges of the jaws of the clamps was equal
to 152 mm. (6.0 inches). The width of the test strip
was 15 mm. (0.59 inch). Four test strips, two in each
direction, were cut from each of the five specimens
previously used for basis weight and caliper determina-
tions. The tensile breaking strength per sample was
reported as the average of the individual test specimen
values expressed in pounds per inch width for each
direction.
The stretch value per sample was reported as the
average of the individual specimen readings expressed
in percentage elongation to failure, based upon an ini-
tial test strip length of six inches.
ELMENDORF TEAR
The tear values were obtained using the Elmnendorf
paper tester shown in Figure 4. Two test strips, one
with its long axis in the machine direction and the
other with its long axis perpendicular to the machine
direction of the sheet, were cut from the unused por-
tion of each of the five specimens originally used for
basis weight and caliper determinations. In the text,
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the term 'in-mnachine direction" tear refers to the tear
value obtained when the line of tear was parallel to the
machine direction of the sheet. Similarly, the "across-
machine direction" tear refers to the tear value ob-
tained when the line of tear was perpendicular to the
machine direction of the sheet. Only one liner test
strip was torn at a time and only one tear value was
recorded for each test strip. It was necessary to test
four of the corrugating medium test strips simultane-
ously in order to obtain scale readings between 20 and
60. In this latter case five tear readings were recorded
for the four-strip test specimen.-The average values in
both directions were reported separately.
RIEHLE- COMPRESSION - -
'The compression values were obtained by the use of
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FIGURE 3, Anithor tensile tester.
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FrIUR:n 4. Elmendorf paper tester.
in Figure 5. Two 0.5 by 2 inch strips, one in each direc-
tion, were cut from the unused portion of each of the
five specimens originally used for basis weight and
caliper determinations. The compression values were
reported as the averages of the individual specimen
readings.





























PHYSICAL CHARACTERISTICS OF 42-LB. D.F.B.S. FOURDRINIER KRAFT LINER
PROCEDURE
The tests and procedures employed throughout this
evaluation study have been described in the previous
section. Bv virtue of the fact that samples could be
obtained only from near the outermost portion of each
roll, they represent the evaluation of that roll only to
the extent that the sampled section was representative
of the entire roll and in.terms of the methods employed
in this evaluation.
For the purpose of comparison of the product within
a given mill and also between mills, each Fourdrinier
Kraft Board Institute mill making 42-lb. D.F.B.S.
Fourdrinier kraft liner has been given an arbitrarily
selected code letter. This code identity has been used
throughout this report. The Fourdrinier Kraft Board
Institute mills producing liner have been identified in
this report by the letters A to J, inclusive.
To obtain a more comprehensive and reliable insight
into the variation of test values of rolls within a given
mill and between mills, as well as to study the uni-
formity of each mill's product, it was necessary to
apply statistical analysis to the test results. The appli-
cation of statistical methods greatly increases the re-
liability of any comparison, inasmuch as a measure of
the significance of the results is provided'.
Statistics is that branch of mathematics which has
been designed for the purpose of analyzing numerical
results to determine the magnitude and the pattern of
one or more of the variable characteristics of the items
within the "universe" or group concerned.
The theory of statistics is based on two fundamental
concepts: (1) There must exist an equality of oppor-
tunity for the chance selection of each and every pos-
sible item, and (2) nature has a precise and orderly
plan for variation which is revealed whenever some
variable factor is measured and the items are grouped
numerically in the order of increasing magnitude. In
addition, it is necessary that no secondary attributes
shall influence the variable under consideration.
When all the-possible items in question are subject
to the influence of a large number of independent and
purely random causes of variation, it is found that the
values of the items tend to vary around a mean or most
probable value in a given manner. If the causes of vari-
ation are truly random and truly independent, it will
be found that there is a most probable or mean value
which is characteristic of more items than any other
given value; that small deviations from this mean
value are more frequent than large deviations; and
that positive deviations are as frequent as negative
deviations. Such a distribution may be illustrated in an
experiment in which the variation in height of a ium-
ber of men is measured. If a sufficient number of men
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are measured and a record is kept of the distribution of
the heights (the number of men in each height class),
a graph of the distribution of those heights will follow
the normal distribution curve as defined by the follow-
ing equation':
N -f'
-Y = - e
o\/2r
in which Y = the number of items at a distance r from
the arithmetical mean or average;
7r=3.141 6 ;
e=2.7183-the base of the Naperian log-
arithms;
o=the standard deviation of the array, a
measure of variability;
x = the individual observation value;
i = the arithmetic mean for all values of x-
i.e., the average of all individual ob-
servation values; and
N = the total number of observations made.
The standard deviation is, by definition, the square
root of the mean square of all the individual deviations
measured from the mean of the distribution. It may be
computed by the following formula:
V N- I
where =the standard deviation,
= the operation of summation,
x = the individual observation value,
.i =the mean value of the observed results, and
N =the number of observations made in the
group considered-i.e., the total number
of x values.
This can be converted, by the application of the
proper algebraic operation, to the following equation:
Nx2-- (- x)2
N(N - 1)
This latter equation was used in the computation of
the standard deviation throughout this report.
The standard deviation is most readily understood
if it is thought of as a measure of the degree of disper-
sion or variability of the items in the universe, aggre-
gate, or population being considered.
By integration, it is possible to determine the area
under any section of the distribution curve. The area
between any desired limits of x is to the total area un-
tder the distribution curve as the number of items be-
tween these same limits is to the total number of
items. When the limits are established as one standard
deviation (±o), the limits include 6..3% of the total that Mill P-h'd athehig Il il'sF tid lo w'est a v- '
number of items. If two standard deviations ( 2a) are
used, 95.5% of the items are included, and if three
standard deviations (+3a) are used, 99.7% of all the
items are included.
It should be stressed that the results of the statistical
evaluation of the data presented in this report are lim-
ited by the small number of rolls which were tested for
each mill. It is not to be implied that an exact analysis
of a mill's production, over a period of several months,
can be obtained by testing only 10 to 30 rolls. However,
the results illustrate the application of statistical meth--
ods, and also indicate probable trends.
If a greater number of rolls had been included for
each mill, the reliability of the statistical methods '
would have been increased and the results would have
had greater significance. As additional surveys of these
mills' production are made, a comparison between
studies will indicate more reliable trends and facilitate
the correlation of results.
COMPARISON OF MILL AVERAGES,
The results of the various physical tests performed
on the samples of 42-lb. D.F.B.S. Fourdrinier kraft
liners have been'compiled in Table If[ on the basis of
mill averages. Complete details of the individual tests
of the several rolls from each mill are given in Tables
LXI-LXX in the Appendix.
The average results obtained for basis weight are
shown graphically in Figure 6. The group average basis
weight for all the mills participating was 42.1 pounds,
which is, for all practical purposes, the same as the
specified grade weight. The results indicate that Mills
E and I had the highest average basis weight and Mill
F the lowest. The average basis weight for all the other
mills did not vary from the group average by more
than ± 1.0 pound.
The average caliper results are plotted in Figure 7.
The average caliper value obtained for the group was
0.0150 inch. A comparison of the test results indicates
erage caliper. However, all the mill averages, except
that for Mill F, were within +0.001 inch of the group
average.
The average apparent densities in pounds per cubic
foot are illustrated graphically in Figure 8. The group
average apparent density was 33.7. The highest aver-
age apparent density was obtained for Mill F and the
lowest for Mills G and H. The average apparent den-
sity for all the other mills did not vary from the group
average by more than ±0.5 pound.
From the-data presented in Figure 9 it may be ob- --
served that the average moisture content for the
group was 8.1% on an ovendry basis. The highest
average moisture content was obtained for Mill F and
the lowest for Mill G. It is interesting to note that
Mill F had the lowest average caliper and basis weight
but the highest average apparent density and moisture
content.
The results obtained for the bursting strength test
are presented graphically in Figure 10. The average
bursting strength, expressed in points per pound, was
2.33. The group average bursting strength was 98
points. Mills H and I exhibited the highest and Mill F
the lowest average bursting strength value.
The averages obtained for the G. E. puncture test
are shown in Figure 11. The group average was 36
units, with Mill I possessing the highest and Mill F the
lowest average G. E. puncture value. It may be ob-
served that, when the group average for bursting
strength is compared with the group average for the
G. E1. puncture, the ratio is approximately 2.7 to 1.
It should be borne in mind, however, that these results
were obtained on uncombined liner samples of Four-
drinier kraft board.
The average Riehle compression test results are
plotted in Figure 12. The group average of the in-
machine direction was 29.0 pounds and of the across-
machine direction 22.5 pounds. The ratio of the
across-machine direction values to the in-machine direc-
,E 1II
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lowest of all the mills participating; also, the average
Riehle compression for the in-machine direction for
Mill F was of approximately the same order of magni-
tude as the group average for the across-machine direc-
tion:
The results of the Elmendorf tear test are graphi-
cally presented in Figure 13. The group average test
results were 354 and 394 grams per sheet for the in-
machine and across-machine directions, respectively.
'The ratio of the group average of the in-machine direc-
tion tobthi-group-average of the across-machine-di-
rection is of the order of 0.9:1. Mills F and J had the
lowest and Mill I the highest tear values in both direc-
tions.
The results of the Amthor tensile test are shown in
Figure 14. A comparison of the results indicates that
the ratio of the across-machine direction values to the
in-machine direction values is of the order of 1:2. The
group averages obtained were 77.8 and 37.8 pounds
per inch width for the in- and across-machine direc-
tions, respectively. The averages for Mill F were the
lowest in both directions and the averages for Mill C
and I were the highest in the in-machine direction;
however, Mills G and H were the highest in the across-
machine direction.
The Amthor stretch results are presented in Figure
15. The group averages obtained were 2.1 and- 3.7%
respectively, for in- and across-machine directions.
The ratio of the in-machine direction values to the
across-machine direction values is approximately 6:10.
A comparison of the averages of all the strength test
results indicates that Mills H and I were the highest
and Mill F the lowest. The averages for the group




Apparent density, lb./cu. ft.
Bursting strength, points




























A comparison of the standard deviations of the mills
for each test characteristic is given in Table IV. It may
be noted from the results for each test characteristic
that the basis weight and caliper have the lowest per-
centage standard deviation and the Amthor stretch
the highest. The lower the percentage standard devia-
tion, the less is the indicated variation in that particu-
lar characteristic.
In a study of this type it is often of value to know
of board produced by other mills. With the above
thought in mind, the results tabulated in Table III
were treated statistically to determine if there were
any significant differences in the physical characteris-
. tics obtained for one mill as compared with the average
physical characteristics for the balance of the mills
participating. Whether or not significant differences
exist in the same test characteristic between two dif-
ferent groups of data can be determined by calculating
the ratio of the difference of the means of each group
to the-standard error-of- the difference between the. 
same two groups.
The standard error of the difference can be readily
calculated from the standard errors of the two means-
'under comparison. These standard errors, in turn, can
be calculated from the standard deviations listed in




or [S. E.] = 
N
where S. E.=standard error,
= standard deviation, and
N=number of items in array.
[s. E.I t = [s. E.] 2 + [S. E.]A'+ -- +[S. E. 2[S. E.j = -- 2
where [S. E.],=standard error of a group of similar
arrays,
n = number of arrays being considered, and
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[S.E. l,,n. = V/[S.E.,2+ [S.E.],2,
where [S. El.]D[j.=standard error of the difference,
and
[S. E.] and [S. E.]a=standard errors of the items or
groups of items being consid-
ered.
'hese calculations are illustrated by comparing the
basis weight of Mill A with that of the other mills as a
group in the following manner. First, it is necessary to
determine the difference of the means-i.e., the aver-
age basis weight for Mill A minus the average basis
weight for Mills B to J, inclusive. The average basis
weight for Mill A was 41.1 pounds and the average for
the group was 42.2 pounds. Thus, the difference of the
means is -1.1 pounds, the value being negative,
inasmuch as we are comparing Mill A with the group
average which, in this case, is of greater magnitude.
23
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26.9 28.4 5.82 2.94 0.213 0:422
3.9 8.3 7.7 6.3 5.8 7.6 7.2 7.5 7.8 10.1 11.4
The square of the standard error of Mill A is calcu-
lated from formula (1):
[S. E.]= (1)
NA
From Table IV, oA is 1.13 and from Table III, NA is
28; therefore,
[S. E.]A= (1.13)2/28 or 0.0456.
The squared form is used because it can be substi-
tuted directly into formula (3).
The standard error of the group composed of Mill B
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(9)2
Since
[S. E. l = . \/S.E.]A+ I[S. E.I , (3)
therefore,
[S. E.]Dir. = \/(0.0456)2 + (0.0093)2 = 0.23.
From these values, the ratio of the difference of means
to [S. E.]Df. is:
Difference of means -1.1
Ratio = .----- =. = - 4.8.
[S. E.]jif. 0.23
Throughout this study, it is considered that,
if the magnitude of this ratio (i.e., difference of
means/[S. E.]Di,,.) is less than 2, no significant differ-
ence exists. Reference to the appropriate table (normal
variability) shows that a ratio of 2.0 indicates that
there is a significant difference 95% of the time or that
the probability that the difference happened by chance
is 1:19. When the ratio is equal to 3.0, the chance
probability is greatly decreased (i.e., to about 1:200).
Thus the ratio of -4.8, obtained for the comparison of
the average basis weight of Mill A with the average
of the group B to J, inclusive, indicates that there is a
significant difference between- the average value ob-
tained for A and the average obtained for the group
B to J, inclusive. Since the ratio is negative, it is
known at once that the average value obtained for
Mill A is lower than the group average.
Similarly, all the test results obtained for Mill A
were compared with the group averages obtained for
the group B to J, inclusive. These results are given in
Table V. The results indicate that there was a signifi-
cant difference in the values obtained except for burst-
ing strength, Richle compression in both directions,
Amthor tensile in the in-machine direction, and El-
mendorf tear and Amthor stretch in the across-machine
direction. Similarly, all the tests, in which a significant
difference was indicated, were of a lower magnitude for
Mill A than for the group averages obtained for Mills
B to J, inclusive, except Amthor stretch in the in-
machine direction, which was slightly higher than the
group average.
The results obtained when the averages for Mill B
are compared with those of the balance of the group
may be seen in Table VI. The results indicate that
there was a significant difference in all the values ob-
tained except G. E. puncture, Elmendorf tear in both
directions, and Amthor tensile and stretch in the
across-machine direction. Similarly, the values for
those tests in which a significant difference was indi-
cated were of greater magnitude than the averages ob-
tained for the group.
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difference .__ 0 36
Ratio: (-)-a)/SiED -1.4
Significant No
ON OF TH'E IIV SICAI. CHARAC''ERIKISTICS OF MII.. 1) W\ITH THEI IIAI.A:CI' OF I'IIE GROUP
LINER
Basis Riehle l'lmenlhrf
Eight, Burst- G.E. Compression, Tear, Amthor Tensile, Amthor
lb). ing Punc- lb. g./sheet Ib./in. Stretch, %
12 x 12 Caliper, Strength, ture, . -
/1000) 0.001 in. points units In Across in AAcross I \cross In Across
41.7 14.8 98 36 28.1 22.5 360 378 70.4 39.5 2.0 3.5
































NOTE. See Note to-Table V. -- - -. -
TABLE IX


















In Across In Across In Across
Mean of E 43.4













91 35 27.5 20.6 324 365 77.1 34.3



































NOTE. See Note to Table V.
TABLE X




























39.7 13.4 85 33 23.3 18.7 302 343 66.7 33.0
42.4 15.2 99 37 29.3 22.3 358 396 78.3 38.2
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In Across In Across
Meiano.,G 41.9 15.6 91










38 27.4 23.7 380 405 ' 72.3 41.8
36 28.9 21.8 349 390 77.6 37.3


























NOTE. See Note to Table V.
TABLE XII



















In Across In Across In Across
Mean of 1 42.6
















37 30.7 24 5 386 407 75.8 42.7





+2.17 +2.85 +17.8 +37.5
0.511 0.304 6.06 10.86
+4.2 +9.4 +2.9 +3.5

















NOTE. See Note to Table V.
TABLE XIII







Mean of 1 43.5
















15.3 109 41 30.9 21.8
15.0 96 36 28.5 22.0
+0 32 +12.7 +5.39 +2.39 -0.2
0.085 1.36 0.413 0.493 0.291
+3.8 +9.3 +13.1 +4.8 -0.9






In Acs n crossIAcr
465 408 85.4 36.8
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TABLE XIV







Mean of J 41.7
Mean of a 42.2
Difference of mean



























32 30.4 23.7 301 355 74.8 35.9
37 28.5 21.8 358 395 77.4 37.9







0.846 0:352 0.233 8.44 9.56
-5.0 +5.4 +8.2 -6.7 -4.2
















-- No -- Yes
Mill' C with the group average excluding C is pre-
sented in Table VII. The results indicate that there
was a significant difference in all the test values except
bursting strength and the Amthor tensile test in the
across-machine direction. All the values in which a
significant difference existed were greater than the
value for the group averages with the exception of
caliper, Riehle compression in the across-machine di-
rection, and Amthor stretch in the in-machine direc-
tion.
The average test results obtained for Mill D, as com-
pared with the average test results obtained for the
remainder of the group, are given in Table VIII. The
only test results which exhibited a significant differ-
ence were Elmendorf tear and Amthor tensile in both
directions. This phenomenon indicates that the aver-
age quality of Mill D, as determined by these tests,
was approximately the same as the average quality for
the group.
A comparison of the average test values obtained
for Mill E with the averages for the balance of the
group may be observed in Table IX. The results indi-
cate that a significant difference existed in all the test
results except those for bursting strength, G. E. punc-
ture, Riehle compression and Amthor tensile in the
in-machine direction, and Amthor stretch in the
across-machine direction. With the exception of the
average caliper value, all the results wherein a signifi-
cant difference existed were lower than the corre-
sponding value for the group average.
The results of the comparison of the average test
values obtained for Mill F with the averages for the
balance of the group may be found in Table X. The
results indicate that a significant difference existed be-
tween all the average test results obtained for Mill F
and the corresponding group average. All the average
test values obtained for F were lower than the corre-
sponding group average.
.The comparison of the average test values obtained
for Mill G with the averages for the balance of the
group is given in Table XI. It may be noted that the
only test results in which a significant difference was
not indicated were in basis weight and Amthor stretch
in the across-machine direction.
The average test values obtained for Mill H are
compared with the average for the remainder of the
group in Table XII. It. may be noted that basis
weight, G. E. puncture, and Amthor tensile in the in-
machine direction were the only test results in which a
significant difference was not indicated. Both the basis
weight and G. E. puncture, however, appear to be
close to the borderline in respect to significance. All
the test results for Mill H, wherein a significant differ-
ence was indicated, are of a greater magnitude than
the corresponding group average value; thus, the av-
erage quality for-Mill H, as determined by these tests,
was higher than the group average.
The comparison of the average test values obtained
for Mill I with the average for the balance of the group
is presented in Table XIII. A significant difference is
indicated in all test results except the Riehle compres-
sion in the across-machine direction. With the excep-
tion of the Amthor tensile in the across-machine direc-
tion, the average test results for Mill I, wherein a sig-
nificant difference was indicated, were of a greater
magnitude than the corresponding average test results
of the group.
A comparison of the test averages for Mill J with
the average test results obtained for the remainder of
the group may be seen ip Table XIV. A significant
difference was indicated for all the average values ex-
cept Amthor tensile and stretch in the machine-direc-
tion. Of those average results showing significant
differences, all but the averages of the Riehle compres-
sion in both directions, were of lower magnitude than
the corresponding average values for the group.
IISCUSSION OF INDIVIDUAL MILL TEST
RESULTS FOR 42-POUND, D.F.R.S.
FOURDRINIER KRAFT L[NI'R
MILL A
The average results of the various physical tests
conducted on the samples of liner rolls made by Mill A
28
I
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are shown in Table XV. Details of the maximum and
minimum values for each roll tested are given in Table
LXI of the. Appendix. The average basis weight was
slightly lower than the grade specification of 42
pounds. The average apparent density was 33.2
pounds per cubic foot. It may also be noted that the
average bursting strength was 99 points and the aver-
age G. E. puncture value was 35 units. The average
moisture content was 9.1% on an ovendry basis.
In a study of this type, the interest is not solely in
-- the-absolute value of..the average test values within a
given mill or among mills, but also in the variation in
the individual values which make up those averages.
To say that the average of a group of test'observations
is 100 is of little value unless the uniformity or proba-
bility of a given variation of the values which make
up this average is known.
The probability of a given variation in board from
a given mill may be calculated statistically if test val-
ues, based on a sufficient number of individual speci-
mens, are available from an adequate number of rolls
.from that mill. For each type of test, it is first necessary
to calculate the average, and then to calculate the
standard deviation as a measure of the variability
among the rolls. The procedure may be illustrated for
basis weight of the liner samples from Mill A.
For Mill A the average basis weight was 41.1 pounds
and the standard deviation was calculated to be 1.13
pounds. Accordingly, reference to the appropriate
tables (Probability Integrals) shows that a range of
41.1 ±1.1 pounds or 40.0 to 42.2' pounds may be ex-
pected to contain 68.3% of the rolls of this grade pro-
duced by Mill A. In most cases it is of more interest,
however, to. consider the percentage of rolls which
might be expected to be contained within any pre-
specified test value limits. Thus, assume that it is
required to find the chance that the basis weight for a
roll will fall within +0.5 pound of the average ba-
sis weight. It is noted that 0.5 pound is a fraction
(0.5/1.13=0.44) equal to 0.44 of the standard devia-
tion for the basis weight for Mill A. By referring to the
appropriate tables, it is found that 34% of the rolls
should fall within the selected limits. This indicates
that Mill A has a uniformity, in respect to basis weight,
such that 34% of the rolls made in the 42-pound grade
should be within the limits 40.6 to 41.6 pounds. Using
the same line of procedure, it may be shown that a
range of + 1 pound is equ al to 0.88 of the standard
deviation- for Mill A, and thus the probability of the
basis weight being within the limits 40.1 to 42.1
pounds is 62%. (It should be noted in a precautionary
way that the probability of a given test value lying within
a given range is not doubled when the range is doubled.)
As previously mentioned, it is fully recognized that the
application of statistical methods to these data has
limitations. It is included, however, to demonstrate the
potentialities of its application and to predict, within
limits, the variation to be expected in the physical
characteristics of board made by the different mills.
Table XVI gives the standard deviations and prob-
able variations to be expected in the rolls of 42-pound
liner made by Mill A. It may be seen from these re-
sults that the chance probability or uniformity for
Mill A in regard to caliper is such that the greater por-
tion of the rolls should fall within the range of +0.001
inch (0.0138 to 0.0158 inch) of the average caliper.
The uniformity of the bursting strength indicates that
only three fourths of the rolls would be expected to fall
within a range limit of +7.5 points (91.5 to 106.5
points). On a percentage basis, the uniformity in re-
spect to the G. E. puncture is approximately the same 
as that for the bursting strength. The uniformity in
respect to Riehle compression, Elmendorf tear, and
Amthor tensile and stretch may also be observed in- - -
*''able XVI. Naturally, as the arbitrarily selected lim-
its increase, the greater will be the percentage of rolls
falling within that range. The ranges used are purely
arbitrary and are not intended as an attempt to specify
acceptable-limits. The moisture content was not
treated statistically as it was felt that the secondary
effects, such as warehouse storage conditions, would
possibly prevent the legitimate application of statistics
to the moisture data.
MILL. B
The average test results obtained on samples of liner
made by Mill B are shown in Table XVII (see also
Table LXII of the Appendix). The average basis
weight was slightly in excess of the specified grade
weight. The average caliper was 0.0154 inch and the
average apparent density was 33.4 pounds per cubic
foot. The average bursting strength and G. E. punc-
ture were 101 points and 37 units, respectively. T'he
average moisture content was 8.7% on an ovendry
basis.
The statistical evaluation of these test results may
be found in Table XVIII. The standard deviation for
the basis weight was 1.31- The results indicate that the
uniformity of basis weight for Mill B is such that only
30.0% of the rolls should be expected to fall within the
range limit of ±0.5 pound (42.4 to 43.4 pounds), ap-
proximately 55% within the range limit ± 1.0 pound
(41.9 to 43.9 pounds), and approximately 87% within
the range limit of ±2.0 pounds (40.9 to 44.9 pounds).
The standard deviation for the caliper is 0.75 and thus
approximately 82% of the rolls should fall within the
caliper range limit of +0.001 inch (0.0144 to 0.0164
inch). The uniformity of the bursting strength as'
judged by the standard deviation indicates that ap-
proximately 30% of the rolls should fall within the
bursting strength range limit of ±2.5 points (98.5 to
103.5 points), approximately 56% within the range
limit of +5.0 points (96 to 106 points), and approxi-
mately 76% within the range limit of ±7.5 points
(93.5 to 108.5 points). In terms of percentage, the uni-
formity of the G. E. puncture is of approximately the
same order of magnitude as the bursting strength. The
Riehle compression, Ellmendorf tear, and Amthor ten-
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''he average test results obtained for the liner made
by Mill C are given in 'able XIX (see also Table
LXIII of the Appendix) and the statistical evaluation
of these results in Table XX. The results indicate that
the average basis weight for Mill C was slightly in-
excess of the specified weight for this grade. The aver-
age caliper was 0.0145 inch and the average apparent
density was 35.3 pounds per cubic foot. The average
burstingstrength and G. E. puncture values were 100
_.... _points and 39.units, respectively..The.average mois-
ture content was 7.1% on the ovendry basis.
The standard deviation for basis weight for Mill C
is 0.785: l'his rather low standard deviation suggests
that approximately 48% of the rolls should fall within
a range limit of +0.5 pound (42.2 to 43.2 pounds),
80% within a range limit of + 1.0 pound (41.7 to 43.7
pounds), and practically all the rolls within a range
limit of + 2.0 pounds (40.7 to 44.7 pounds). The stand-
ard deviation for the caliper is 0.537, and thus approxi-
mately 68% of the rolls should fall within a caliper
range limit of +0.0005 inch (0.0140 to 0.0150 inch)
and approximately 94% within the range limit of
+0.001 inch (0.0135 to 0.0155 inch). The uniformity of
the bursting strength indicates that approximately
35% of the rolls should fall within a range limit of 2.5
points (97.5 to 102.5 points), 65% within the range
limit of +5.0 points (95 to 105 points), and approxi-
mately 84% within a range limit of +7.5 points (92.5
to 107.5 points). Percentagewise, the G. E. puncture is
of approximately the same order of uniformity. In gen-
eral, the standard deviations for the Riehle compres-
sion, Elmendorf tear, and Amthor tensile and stretch
are of such magnitude as to indicate considerable lack
of uniformity within the low arbitrary ranges but
rather good agreement within the wider arbitrarily
selected ranges.
IMILL D
The average test results obtained for the liner manu-
factured by Mill D are shown in Table XXI (see also
Table LXIV of the Appendix). The statistical evalua-
tion of these results is given in Table XXII. The aver-
age basis weight for Mill I) was, for all practical pur-
poses, of the same order of magnitude as the specified
grade weight of 42 pounds. This weight and the aver-
age caliper of 0.0148 inch resulted in an average appar-
ent density of 33.8 pounds per cubic foot. The average
bursting strength and G. E. puncture were 98 points
and 36 units, respectively. The average moisture con-
tent was 7.4% on an ovendry basis.
Inasmuch as the standard deviation of the basis
weight was 1.59, it is to be expected that only 24% of
the rolls would fall within a basis weight range limit
of ±0.5 pound (41.2 to 42.2 pounds), 47% within a
range limit of + 1.0 pound (40.7 to 42.7 pounds), and
79% within a range limit of +2.0 pounds (39.7 to
43.7 pounds). On the basis of a standard deviation of
d I t , ' a . -
1.07 for caliper, 65% of the rolls should fall within a
caliper range limit of +0.001 inch (0,0138 to 0.0158
inch) and only 94% within the range limit of +0.002
inch (0.0128 to 0.0168 inch). The uniformity of the
bursting strength, as shown by the standard deviation
of 6:51, indicates that only 30%-of the-rolls should be
expected to fall within a bursting strength range limit
of ±2.5 points (95.5 to 100.5 points), 56% within a
range limit of ±5.0 points (93 to 103 points), and 75%
within a range limit of +7.5 points (90.5 to 105.5
points). The G. 1E. puncture test results, with an aver-
age value of 36iand a standard deviation of 3.57, indi-
cate a slightly greater probable variation than the
bursting strength. The standard deviations for the 
Riehle compression, iElmendorf tear, and Amthor ten-
sile and stretch indicate considerable nonuniformity in
the narrower range'limits selected.
MI[LL E
The average test results obtained for the liner pro-
duced by Mill-E'are given in Table XXIII (see also
Table LXV of the Appendix) and the statistical evalu-
ation of these results in Table XXIV. The average
basis weight was in excess of the specified grade weight
of 42 pounds. The average caliper was 0.0157 inch
which results in an apparent density of 33.2 pounds
per cubic foot. The average bursting strength and
G. E. puncture were 91 points and 35 units, respec-
tively. The average moisture content was 7.5%; how-
ever, as may be noted in Table XXIII, the average
moisture content is based on the results obtained for
only eight rolls.
The standard deviation of 0.981 for basis weight
indicates that the basis weight of 39% of the rolls pro-
duced should fall within the range limit of ±0.5
pound (42.9 to 43.9 pounds), 69% within the range
limit of ± 1.0 pound (42.4 to 44.4 pounds), and 96%
within the range limit of ±2.0 pounds (41.4 to 45.4
pounds). Mill E has a uniformity with respect to cali-
per such that 63% of the rolls should fall within the
range limit ±0.001 inch (0.0147 to 0.0167 inch) and
93% within the range limit +0.002 inch (0.0137 to
0.0177 inch). The standard deviation of 18.6 for the
bursting strength indicates extreme nonuniformity
with the probable chance variation that only 31%
should fall within the range limit of ± 7.5 points (83.5
to 98.5 points). It may be observed, however, that
Rolls 1' and 2 were extremely low in all test results and,
since there were only 11 rolls sampled of this mill's
product, the effect of these rolls is considerable. In all
probability, the presence of these two rolls has dis-
torted the uniformity far more than practical consid-
eration would permit. If the standard deviation for
bursting strength were calculated after excluding Rolls
I and 2, it would be 5.45 as compared with 18.6 when
these two rolls are included. On the basis of statistics,
however, it is not permissible to exclude these roll
values.
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7.5 98 34 28.7
6.8 105 38 30.9
7.3 104 36 28.8
* 106 39 28.5
103 39 26.4













































Average 43.4 15.7 33.2 7.5 91 35 27.5 20.6 324 365 77.1 34.3 1.8 3.6
* No moisture samples obtained.
TABLE XXIV








































































10 20 28 45 16 13 10 22 26
5.0 1.5 1.5 1.5 15.0 15.0 3.0 2.0 0.2
21 29 41 63 30 25 21 42 50
7.5 3.0 3.0 3.0 30.0 30.0 5.0 3.0 0.3
- 31 55 72 93 56 48 35 60 68 83



























































6 5- 5-45 39.4
- .7 5- 5-45. 36.9
8 5- 4-45 40.0
9 5- 445 . 40.5


















































75 32 - - 21-6
83 29 23.7
78 31 23.2






























































Average 39.7 13.4 35.6 10:0 85 33 23.3 18.7 302 343 66.7 33.0 1.9 3 1
TABLE XXVI
















In Across In Across In Across
42.4 13.9 98 39 24.3 19.9 348 404 74.0 38.7
36.9 12.6 74 28 21.5 16.0 262 '285 60.3 26.9






0.374 10.3 4.35 1.55 1.46
1.0 2.5 1.0 1.0 1.0'
22 99
Range limit (±)* 1.0 2.0
Approximate
probability, % 42 100
Range limit (±)* 2.0 -
Approximate
probability, %, 74 
* Range limits were arbitrarily selected.
19 18 48 50
5.0 1.5 1.5 1.5
33.5 36.4 5.09 3.87 0.106 0.134
7.5 7.5 1.5 1.0 0.1 02
17 17 23 21 65 86
15.0 15.0 3.0 2.0 0.2 0.4
38 27 67 70 35 32 44 40
7.5 3.0 3.0 3.0 30.0 30.0 5.0 3.0
94 99
0.3 0.6





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The average test results obtained on the liner made
by Mill F are reported in Table XXV (see also Table
LXVI of the Appendix). The results indicate that the
average basis weight is considerably lower than the
specified weight'for this grade. The average caliper
was 0.0134 inch, which resulted in an average apparent
density of 35.6 pounds per cubic foot. The average
bursting strength and G. E. puncture values were 85
points and 33 units, respectively. The average moisture
content was 10.0%non.an ovendry basis.
The statistical evaluation of these test results is
given in Table XXVI. On the basis of a standard devia-
tion of- .77 for basis-weight, it should be expected that -
only 22% of the rolls will fall within a basis.weight
range limit of ±0.5 pound (39.2 to 40.2 pounds), 42%
of the rolls within a range limit of ± 1.0 pound (38.7 to
40.7 pounds), and 74% of the rolls within a range limit
of + 2.0 pounds (37.7 to 41.7 pounds). The chance vari-
ation or uniformity of the caliper as determined by
standard deviation indicates an expectancy of ap-
proximately all of the rolls falling within the range
limit of +0.001 inch (0.0124 to 0.0144 inch). The
standard deviation for the bursting strength indicates
that the uniformity is such that only 19% of all rolls
should fall within the range limit of +2.5 points (82.5
to 87.5 points) of the average obtained, 38% of the
rolls within the range limit of +5.0 points (80.0 to 90.0
points) and 53% within the range limit of ± 7.5 points
(77.5 to 92.5 points).. The probable variation for the
G. E. puncture test appears to follow approximately
the same trend as the bursting strength variation. The
probable variation for Riehle compression and Amthor
stretch appears to be slightly less than the variation to
be expected for Elmendorf tear and Amthor tensile.
MILL G
The average test results obtained on samples of liner
made by Mill G are given in Table XXVII (see also
Table LXVII of the Appendix). The average basis
weight was, for all practical purposes, the same as the
specified grade weight. The average caliper was 0.0156
inch and the average apparent density was 32.2 pounds
per cubic foot. The average bursting strength and G. E.
puncture values were 91 points and 38 units, respec-
tively. The average moisture content was 7.0% on an
ovendrv basis.
The statistical evaluation of these results is given in
Table XXVIII. The standard deviation for basis
weight indicates that approximately 49% of the rolls
should fall within a basis weight range limit of ±0.5
pound (41.4 to 42.4 pounds), 82% within a range limit
of ±+ 1.0 pound (40.9 to 42.9 pounds) and practically
all the rolls produced of this grade should fall within a
range limit of +2.0 pounds (39.9 to 43.9 pounds). On
the basis of the results obtained for caliper, it should
be expected that practically all the rolls would fall
within a caliper range limit of +0.001 inch (0.0146 to
0.0166 inch). The standard deviation of the bursting
strength was of such magnitude that it should be ex-
pected that only 32% of the rolls should fall within a
range limit of +2.5 points (88.5 to 93.5 points), 59%
within the range limits of ±5.0 points (86.0 to 96.0
points), and approximately 78% within the range
- limit of- +7.5 points-(83.5 to 98.5 points). The mag-
nitude of the standard deviation for the G. E. puncture
test indicates approximately the same probable vari-
ation as for the bursting strength. The standard devi-
ations for the Riehle compression, Elmendorf tear, Am-
thor tensile and stretch indicate that the probable vari-
-ation to-be expected is quite large.- - -
MILL H .
The average test results obtained on the samples of
liner manufactured by Mill H are tabulated in Table
XXIX (see also Table LXVIII of the Appendix). The
average basis weight obtained for Mill H was slightly
in excess of the specified grade weight. The average
caliper was 0.0159 inch and the average apparent den-
sity was 32.2 pounds per cubic foot. The average
bursting strength and G. E. puncture were 108 points
and 37 units, respectively. The average moisture con-
tent was 8.0% on an ovendry basis.
The statistical evaluation of these test results is.
shown in Table XXX. The standard deviation for basis
weight is of the magnitude that 40% of the rolls manu-
factured by Mill H in this grade should fall within a
basis weight range limit of ±0.5 pound (42.1 to 43.1
pounds), 72% within the range limit of + 1.0 pound
(41.6. to 43.6 pounds), and practically 97% within the
range limit of ±2.0 pounds (40.6 to 44.6 pounds). On
the basis of the results obtained for caliper, it should
be expected that practically all the rolls should fall
within +0.001 inch (0.0149 to 0.0169 inch) of the av-
erage caliper. The statistical evaluation of the bursting
strength indicates that approximately 38% of the rolls
should fall within a bursting strength range limit of
+2.5 points (105.5 to 110.5 points), approximately
67% within the range limit of +5.0 points (103 to 113
points), and approximately 86% within the range limit
of +7.5 points (100.5 to 115.5 points). The variation
for the G. E. puncture test exhibits relatively the same
trend as the bursting strength. The standard devia-
tions for the Riehle compression, Elmendorf tear, and
Amthor tensile and stretch indicate considerable lack
of uniformity in the tests.
MILL I
The average test results obtained for the liner made
by Mill I are shown in Table XXXI (see also Table
LXIX of the Appendix). The average basis weight was
in excess of the specified weight for this grade. The
average caliper was 0.0153. inch and the average ap-
parent density was 34.2 pounds per cubic foot. The
average bursting strength and G. E. puncture were 109
points and 41 units, respectively. The average moisture
content was 8.4% on an ovendry basis.
The statistical evaluation of these-test results may
38
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TABLE XXIX













































































































































Average 42.6 15.9 . 32.2 8.0 108 37 30.7 24.5 386 407 75.8 42.7 2.2 4.1
TABLE XXX












Range limit (±)* 0.5
Approximate
probability, % 40
Range limit (±)' 1.0
Approximate
probability, % 72
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15 29 18 20 42 49
15.0 15.0 3.0 2.0 0.2 0.4
67 49 59 85 30 54 36 38 72 81
7.5 3.0 3.0 3.0 30.0 30.0 5.0 3.0 0.3 0.6
- 86 81 90 99 55 86 56 54 90 95
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be seen in Table XXXII The standard deviation for
the basis weight is of such magnitude that it should be
expected that approximately 43% of all the rolls manu-
factured by Mill I should fall within a basis weight
range limit of ±0.5 pound (43.0 to 44.0 pounds), 75%.
' ' "*'withifi the range limit of ±+1.0 pound (42.5-t6 44.5
pounds), and approximately 98% within the range
limit of +2.0 pounds (41.5 to 45.5 pounds). On the
basis of the results obtained for caliper, it should be
expected that approximately all the rolls should fall
within a caliper range limit of -+.OOl inch (0.0143 to
0.0163 inch). The statistical evaluation of the results
obtained for the bursting strength indicate that ap-
- - proximately-39% of the rolls-should-fall within a range -
limit of. ±2.5 points (106.5 to 111.5 points), approxi-.
mately 69% within the range limit of ±5.0 points
(104 to 114 points), and approximately 87% within
the range limit of + 7.5 points (101.5 to 116.5 points).
The results obtained indicate that, in terms of percent-
age, the rolls made by this mill should be slightly more
uniform in respect to G. E. puncture than to bursting
strength. The results of the Riehle compression, El-
mendorf tear, and Amthor tensile and stretch indicate
standard deviations of considerable magnitude.
MILL J
The average test results obtained for the rolls of
liner made by Mill J are given in Table XXXIII (see
also Table LXX of the Appendix). The average basis
weight obtained is practically the same as the specified
grade weight. The average caliper was 0.0147 inch and
the average apparent density was 34.2 pounds per
cubic foot. The average bursting strength and G. E.
puncture values were 93 points and 32 units, respec-
tivelv. The average moisture content was 7.7% on an
ovehdry basis. ~'
The statistical evaluation of these results are re-
ported in Table XXXIV. The magnitude of the stand-
ard deviation for basis weight indicates that approxi-
mately 44% of the rolls manufactured by Mill J should
fall within a basis weight range_limit of_±0.5 pound _._._ _ ..
(41.2 to 42.2 pounds), approximately 76% within the
range limit of + 1.0 pound (40.7 to 42.7 pounds) and
-approximately-98% within-the-range limit of-+2.0- -- --
pounds-(39.7 to 43.7 pounds). The results obtained for
caliper indicate that approximately 94% of the rolls
should fall within a caliper range limit of +0.001 inch
(0.0137 to 0.0157 inch). The standard deviation for
the bursting strength is of such magnitude that it
should be expected that approximately 17% of the
rolls manufactured by Mill J should fall within a range
limit of +2.5 points (90.5 to 95.5 points), approxi-
mately 33% should fall within the range limit of +5.0
points (88.0 to 98.0 points), and approximately 48%
within the range limit of +7.5 points (85.5 to 100.5
points). The statistical evaluation of the Riehle com-
pression values indicates a rather low probable varia-
tion, whereas the results obtained for G. E: puncture,
Elmendorf tear, Amthor tensile and stretch indicate
considerable probable variation.
42
v-.. * . = -S -a m;,,^^
EVALUATION OF THE PHYSICAL CHARACI'ERISTICS OF .009/26-LB. KRAFT
AND BOGUS CORRUGATING MEDIUMS
PROCEDURE
The tests and procedures employed throughout this
evaluation study have been described on pages 8 to
10.
- - - For the purpose of comparison of the characteristics
of the product within a given mill and also between
mills, each Fourdrinier Kraft Board Institute mill
'which makes .009/26-lb. corrugating medium has
been given an arbitrarily selected code letter; they
have been identified in this report by the letters S to
Z, inclusive. The corrugating medium manufactured
by Mill V was a bogus medium. Consequently, the
group averages have been calculated in two ways:
(1) including the bogus medium and (2) excluding the
bogus medium.
The test results have been given the same statistical
treatment as was employed in the treatment of the
42-lb. liner.
COMPARISON OF MILL AVERAGES
The results of the various physical tests performed
on samples of .009/26-lb. corrugating medium have
been compiled in Table XXXV on the basis of mill
averages. Complete details of the individual tests are
given in Tables LXXI-LXXVIII of the Appendix.
The average results obtained for basis weight are
shown graphically in Figure 16. The average basis
weight for the group participating was 26.8 pounds in-
cluding and 26.9 pounds excluding the bogus medium.
Both of these group averages are in excess of the grade
weight specified. Mill X had the highest average basis
weight and Mill V the lowest. The basis weight aver-
ages for all the mills were within ± 1 pound of the
group average.
The average caliper results are plotted in Figure 17.
The average caliper value for the group was 0.010 inch,
regardless of whether or not the bogus medium was
included. Mill U had the highest average caliper and
Mills Y and Z the-lowest. All the individual mill aver-
ages for caliper were within +0.0007 inch of the group
average caliper.
The average apparent densities, in pounds per cubic
foot, are pictured graphically in Figure 18. The group
average apparent density when the bogus medium was
included was 32.3 pounds per cubic foot and 32.5
pounds per cubic foot when it was not included. The
highest average apparent density was obtained for
Mill Z and the lowest for Mill U. It is interesting to
note that the mill averages for apparent density varied
over a considerable range.
From the data graphically presented in Figure 19, it
may be observed that the average moisture content for
the group was 9.4% including the bogus medium and
9.5% when the bogus medium was not included. Mill
T had the highest average moisture content and Mill U
the lowest. Two of the mills (T and W) had average
moisture values in excess of 11%.
From the data presented in Figure 20, it is seen that
the average bursting strength for the group, including
the bogus medium, was 62 points; it was 66 points
when the bogus was not included. The bursting
strength, expressed in points per pound basis weight,
was 2.31 when the bogus was included and 2.45 when
the bogus was not included. The highest mill average
bursting strength was obtained for Mill Z and the
lowest for Mill V (the bogus medium). The average
bursting strength for the bogus medium was approxi-
mately 50% of the average bursting strength obtained
for the other mills.
TABLE XXXV









































































































10.0 32:3 9.4 62 18 17.6 13.0 223 251 49.5 24.8 1.9 4.0
10.0 32.5 9.5 66 19 18.3 13.4 238 268 52.2 25.9 2.0 4.3
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FIGURE 17. Comparison of the average caliper of .009/26-lb. corrugating medium among mills.
(Because the averages were calculated to the nearest tenth only, the average value of the caliper was the same when the bogus samples were
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The mill averages obtained for the 0. E. puncture
test are graphed in Figure 21. Because the magnitude
of these results was so low that all the values fell on
the extreme lower range of the indicating scale for the
.. tester, it is doubtful if much significance can be at-
tached to them at this time.
The average Riehle compression test results are
shown graphically in Figure 22. The group average was
17.6 pounds in the in-machine direction and 13.0
pounds for the across-machine direction when the
-bogus was-included but were.18.3 and 13.4 pounds,.
respectively, when the bogus medium was not in-
cluded. The highest mill average was obtained for
lill Z and the lowest for Mill V (the bogus medium).
The across-machine direction group average, excluding
the bogus medium, was approximately 3.7% greater
than the in-machine direction average for the bogus
medium. The ratio of the across-machine direction
values to the in-machine direction values was, on the
average, of the order of 3:4.
The results of the Elmendorf tear test are graphi-
cally presented in Figure 23. The group averages for
each direction were 223 and 251 grams per sheet, re-
spectively, when the bogus medium was included, and
238 and 268 grams per sheet, respectively, when the
bogus medium was excluded. The highest average tear
value in the in-machine direction was obtained for Mill
S but Mill W had the highest average tear in the across-
machine direction. Mill V had the lowest mill aver-
age tear values in both directions. The ratio of the
in-machine direction values to the across-ma-
chine direction values was, in general, of the 'order-of
0.9:1.
The results of the Amthor tensile test are shown
graphically in Figure 24. The group averages obtained
(including the bogus medium) were 49.5 and 24.8
pounds per inch width for the in-machine direction and
the across-machine direction, respectively, and 52.2
and 25.9 pounds per inch width, respectively, when the
bogus medium was excluded. The results indicate that
Mill W had the highest average tensile value in the
in-machine direction and Mill Z the highest across-
machine tensile average, whereas Mill V had the lowest
average tensile strength for both directions. The aver-
age ratio of across-machine direction to in-machine
direction was of the order of 1: 2.
'he Amthor stretch results are presented graphically
in Figure 257 The'group averages for the in-machine -
and across-machine direction stretch were 1.9 and
4.0%, respectively, when the bogus medium was in-
cluded, and 2.0 and 4.3%, respectively, when the bogus
medium was excluded. Mill V had the lowest average
stretch in bothdirections tested. The average ratio of
the in-machine direction stretch to the across-machine
direction was of the order of 1: 2.
A comparison of all the strength test results indi-
cates that the averages for Mill Z were the highestand
those for Mill V the lowest of the group.
The standard deviations of the physical characteris-
tics of the corrugating medium made by each mill may
be seen in Table XXXVI. The results indicate that the
corrugating medium of Mill S had a lower composite
average standard deviation for all the tests performed
than those of the other mills. It would appear, there-
fore, that the corrugating medium of Mill S was more
uniform than the products of the other mills on the
basis of this evaluation. A comparison of the group
average percentage standard deviations for the various
test characteristics indicates that basis weight and
caliper were the least variant and Amthor stretch the
most variant of all the test characteristics studied.
The average test results tabulated in Table XXXV
were treated statistically to determine if there was any
significant difference between the average physical
characteristics obtained for a given mill and the group
average physical characteristics obtained for the bal-
ance of the mills participating. Whether or not a sig-
nificant difference exists in a given test characteristic
between two mills or groups of mills is denoted by the
magnitude (see page 24) of the ratio of the difference
of the means of each mill or group to the standard error
of the difference between the same two mills or groups.
In this work it has been assumed that all ratios of 2 or
more indicated significant differences.
TABLE XXXVI
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1.43 1.54 1.03 19.6 21.5 4.06 2.40 0.195 0.493
7.9 8 8 7.9 8.8 8.6 8.2 9.7 10.3 12.3
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Stretch, %
The application of this treatment to a comparison of
the average results obtained for Mill S with the aver-
ages obtained for the group T' to Z, inclusive, may be
seen in Table XXXVII. The results obtained indicate
that, when the average test values of Mill S are com-
pared with the group average of Mills T to Z, there is a
significant difference in all the test values obtained,
except for the Amthor tensile in the across-machine
direction. With the exception of Amthor stretch in the
in-machine direction, all the average test values ex-
hibiting significant differences were of.a greater magni-
tude than the corresponding group values. Thus, the
quality for Mill S, as determined by these tests, was
significantly greater than the average quality for the
group.
The results obtained when the averages for Mill T
are compared with the average of the balance of the
group may be seen in Table XXXVIII. The results
indicate that there was a significant difference in all the
test values except basis weight, caliper, Elmendorf
tear, Amthor tensile in the across-machine direction,
and Riehle compression in the across-machine di-
rection. With the exception of the average G. E. punc-
ture value, all the test values having significant
differences for Mill T were of a lower magnitude than
the corresponding values for the balance of the group.
A comparison of the average values obtained for
Mill U with the group average excluding U is presented
in Table XXXIX. The results indicate that there was a
significant difference in all the test values except those
for basis weight and Riehle compression and Amthor
tensile tests in the across-machine direction. All the
test values in which a significant difference existed
were of a greater magnitude than the corresponding
group average values.
The results of the comparison of the average test
results obtained for Mill V with the average test re-
sults obtained for the remainder of the group partici-
pating are given in Table XL. it may be observed that
the caliper value was the only test characteristic for
which a significant difference was not indicated be-
tween it and the corresponding group characteristic.
All the test values for Mill V in which a significant
difference was indicated were of a lower magnitude
than the corresponding test values for the group.
The results of the comparison of the average test
results obtained for Mill W with the average test re-
sults obtained for the balance of the group are shown
in Table XLI. Significant differences existed in all the
test results except basis weight, caliper, Riehle com-
pression and Elmendorf tear in the in-machine direc-
tion, and Amthor stretch in the across-machine
direction.
The results obtained when the average test values
for Mill X were compared with the average values of
the balance of the group are presented in Table XLI[ .
The only test values in which a significant difference
did not exist were caliper, Amthor tensile and stretch
in the across-machine direction, and Riehle compres-
sion. Similarly, all the significant values for Mill X
-- -I--. -. 
Jr .n. *'~~.- c
were greater than the average values obtained for the
group.
The average test values obtained for Mill V, and
the average test results obtained for the balance of the
group are given in Table XLI[. The test values in
which no significant difference was indicated arc
bursting strength, Riehle compression in both direc-
tions, and Amthor tensile in the in-machine direction.
With the exception of Amethor stretch in the in-
machine direction all the significant test values ob-
tained for Mill Y were of a lower magnitude than the
corresponding test values for the group.
The average test values for Mlill Z and the average
values for the balance of the group are given in Table
XLIV. The results indicate that a significant difference
exists for all the test values except for basis weight and
for Elmendorf tear in the across-machine direction.
With the exception of caliper, all the test values for
Mill 7. in which a significant difference exists were of a
greater magnitude than the corresponding group val-
ues.
IISCUSSION OF INDIVIDUAL MILL TEST
RESULTS FOR .009/26-LB. CORRUGATING
M'lEDIUIMS.
MILL S
The average results of the various physical tests
conducted on samples of .009/26-lb. kraft corrugating
medium made by Mill S are shown in Table XLV (see
also Table LXXI of the Appendix). It may be observed
that the average basis weight was higher than the
specified grade weight. The average caliper was 0.0101
in'h and the average apparent density was 32.4 pounds
per cubic foot. The average bursting strength was 68
points. The average Riehle compression was 19.5 and
15.5 for the in- and across-machine directions, respec-
tivelv. The average moisture content was 8.5% on an
ovendry basis.
Table XLVI gives the standard deviations and the
probable variation to be expected in the rolls of
.009/26-lb. corrugating medium made by Mill S. These
results show that the chance probability or uniformity
for Mill S as regards basis weight is such that approxi-
mately 87% of the corrugating rolls should fall within
a range limit of +0.5 pound (26.8 to 27.8 pounds) and
practically all the rolls should fall within a range limit
of ± 1.0 pound (26,3 to 28.3 pounds). The standard
deviation of the caliper results indicates that the
greater portion of the rolls should fall within a range
limit of +0.001 inch (0.0091 to 0.0111 inch). The uni-
formity of the bursting strength indicates that 61%
of the rolls should fall within a range limit of ±2.5
points (65.5 to 70.5 points), 91% within the range
limit of ±5.0 points (63 to 73 points), and practically
all the rolls within the range limit of ±+7.5 points (60.5
to 75.5 points). The standard deviation for the Riehle
compression is such that it should be expected that
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Caliper, Strength, ture, .














25.8 10.1 32 11 12.9 10.3 121 134 31.0 17.2
26.9 9.9 66 19 18.2 13.5 237 266 51.9 26.1
-1.11 +0.20 -33.4 -7.8 --5.20 -3.21 -116.6 -132.3
Standard error of __ -
. .I.. Difference ' 0.264 0.113 1.23 0.433
Ratio: (V-a)/SEo -4.2 +1.8 -27.2 -18.0
Significant Yes No Yes Yes
NOTE. See Note to Table XXXVII.
(.373 0.305 5.65 5.78
-13.9 -10.5 -20.6 -22.9









Yes Yes Yes Yes
TABLE XLI





















26.8 10.1 69 19 17.7 11.5 228 300 56.6 21.8
26.7 9.9 61 18 17.5 13.3 222 243 48.3 25.4
+0.08 +0.17 +8.0 +1.1 +0.17 -1.79
Standard error of
difference 0.269 0.200 1.43 0.364
Ratio: (1I'-a)/SED +0.3 +0.8 +5,6 +3.0




















NOTE. See Note to Table XXXVII.
TABLE XLII























27.4 9.8 68 21 17.1
26.7 ' 9.9 61 18 17.6
+0.74 -0.13 +7.2 +2.7
Standard error of
difference 0.254 0.148
Ratio: (X--a)/SEn +2.9 -0.9
Significant Yes No







. 13.1 250 281 52.1 25.3
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COMPARISON OF TIIE lPHYSICAI. CHIARACTER ISTICS OF iMILL Y WI'TH THE BALANCEI OF1 'HI- GROU1P
CORRUGATING MIEDIUM
Basis
Weight, Burst- G.E .
lb. . . ing Punc-
- (-2- _25(l '12 'Caliper,-Strcnhth,- ture, 













Stretch, % . . . -.. .
In Across
Mean of 1' 26.0 9.3
Mean of a 26.8 10 0
Difference of mean
(1'-=) 0.82 -0 75
Standard error of ___ _
difference 0.254 0.161
Ratio:(l -a)/S-, -3.2 -4.7
Significant Yes. Yes
NOTE See Note to Table XXXVII.
58 15 17.3 , 12.3 189 219 50.7 22.1
62 19 17.5 13 2 228 254 49.1 25.4
-4.3 -3 9 -0.23 -0.95 -38.6 -35 3
3 52 0.679 0.897 0.520 6.01 8.53
-1.2 .--5.7 -0 3 -1.8 -5.6 -4.1






















0.001 in. points units
Mean of Z 26.8 9 3 .75 20
Mean of a 26.8 10 0 60 - 18
Difference of mean
(Z-a) -0.03. 0.73 +15.7 '+1.6
Standard error of'
difference 0.185 0:126 1.71 0.352
Ratio: (Z-a)/SEo -0.0 -5.8 . +9.2 +4.5
Significance No Yes Yes Yes









In Across In Across In Across
19.9 15.8 251 2621' ' 53.8 33.0






















range limit, in both directions, of ± 1.0 pound and
approximately 94% within a range limit of ± 1.5
pounds. The uniformity with respect to G. E. puncture,
Elmendorf tear, Amthor tensile and stretch may also.
be seen in Table XLVI. Naturally, as the arbitrarily
selected limits increase, the greater is the portion of
rolls falling within that range. The ranges used are
purely arbitrary and are not intended as an attempt to
specify acceptable limits of uniformity. T'he moisture
content was not treated statistically because it was
felt that secondary effects, such as warehouse storage
conditions, might cause too great an effect to permit
the legitimate application of statistics.
MAIILL T
The average test results obtained for the kraft cor-
rugating medium made by Mill ' are shown in Table
XLVI[ (sec also Tlable LXXI of the Appendix). The
average hasis weight obtained was 1 pound higher than
the specified weight. The average caliper was 0.010
inch and the average apparent density was 32.5 pound'
per cubic foot. The average bursting strength value
was 57 points. The average Richle compression values
were 15.9 and 12.8 pounds for the in- and across-
machine directions, respectively. The average moisture
content was 11.8% on an ovendry basis.
The statistical evaluation of these test results may
be seen in Table XLVIII. For basis weight, the stand-
ard deviation was 1.35, indicating that 29% of the
rolls made by Mill T should fall within a range limit of
±0.5 pound (26.5 to 27.5 pounds), 54% within-a range
limit of +1.0 pound (26.0 to 27.0 pounds), and ap-
proximately 86% within a range limit of +2.0 pounds
(25.0 to 29.0 pounds). The standard deviation for
caliper was 0.827; thus, approximately 77% of the rolls
of corrugating medium made by Mill T might be ex-
pected to fall within a range limit of +0.001 inch
(0.009 to 0.011 inch) and approximately 98% within a
58
BALANCE OF THE GROUP
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points units In Across In Across In Across In Across
5- 1-45 29.5 11.2
5- 1-45 29.5 11.8
5- 2-45 25.9 9.5










































































---229 - -244- 49:4--
214 246 48.0


























27.0 - 10.0 32.5 11.8 57 20 15.9 12.8 - 237 261 45.1 24.2 1.8 3.7
TABLE XLVIII

















































































77 28 46 55 72 21 19 28 35 48 29




65 74 89 40 38 52 63 80 55
3.0 3 0 3.0 30.0 30.0 5.0 3.0 0.3 0.6
- 72 94 98 100 71 67 79 82 95 74
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range limit of +0.002 inch (0.008 to 0.012 inch). The
uniformity of the bursting strength, as denoted by the
standarddeviation, indicates that only 28% of the
rolls should fall within a range.limit of +2.5 points
(54.5 to 59.5 points), 53% within a range limit of
... 5.0-points (52.0.to-62.0-points), and 72% within a-
range limit of. +7.5 points (49.5 to 64.5 points). The-
.standard deviations for the-Riehle compression test
indicate that 55%. of the rolls should fall within a
range limit of + 1.0 pound in the in-machine direction,
and 72% in the corresponding range limit for the
- --- -across-machine -directionr-Practically-all' of-the-rolls 
should fall within a range limit of +3.0 pounds for
both directions. In general,_the standard deviationfor
G. E. puncture, Elmendorf tear, and Amthor tensile
and'stretch are of such magnitude as'to indicate con-
siderable nonuniformity.
MILL U
The average test results obtained for kraft corrugat-
ing medium manufactured by Mill U are presented in
Table XLIX (see also Table LXXIII of the Appendix).
The statistical evaluation of these results is given in
Table L. The average basis weight for Mill U was 26.9
pounds, the average caliper was 0.0107 inch, and the
average apparent density was 30.2 pounds per cubic
foot. The average bursting strength and G. E. punc-
ture were 65 points and 20 units, respectively. The
average Riehle compression values for the in- and
across-machine directions were 19.7 and 13.5 pounds,
respectively. The average moisture content was 8.4%
on an ovendry basis.
Inasmuch as the standard deviation for basis weight
was 0.903, it is to be expected that only 42% of the
rolls would fall within a range limit of ±0.5 pound
(26.4 to 27.4 pounds), 73% within a range limit of-
±1.0 pound (25.9 to'27.9 pounds), and approximately
97% within a range limit of + 2.0 pounds (24.9 to 28.9
pounds). The standard deviation for caliper indicates
that nearly 90% of the rolls should fall within a range
limit of +0.001 inch (0.0097 to 0.0117 inch). The uni-
formity of the bursting strength, as shown by the
standard deviation of 5.18, indicates that only 37%
of the rolls would be expected to fall within a range
limit of +2.5 points (62.o 67.5 points), 66% within
a range limit of +5.0 points (60.0 to 70.0 points), and
83% within a range limit of + 7.5 points (57.5 to 72.5
points). 'For the in- and across-machine direction
Riehle compression. 43 and 70% of the rolls, respec-
tively, should fall within a range limit of + 1.0 pound,
60 and 88% within a range limit of + 1.5 pounds, and
91 and 99% within a range limit of +3.0 pounds.
The Elmendorf tear and Amthor tensile and stretch ex-
hibit considerable variation or lack of uniformity.
MILL V
The average test results obtained for .009/26-11b.
bogus corrugating medium made by Mill V are given
in Table LI (see also Table LXXIV of the Appendix)
and the statistical evaluation of these results in Table
Lit. For allpractical purposes, the basis weight is the,
same as the grade weight specified. The standard devi-
ation for. basis weight indicates that 42% of the rolls
should fall within a range limit of ±0.5 pound (25.3
to 26.3 pounds), 74%.within a range limit of ±1.0
-pound (24.8-to 26:8 pounds), and 98%-within a-range-- --- -
limit of ±2.0 pounds (23.8 to 27.8 pounds). The av-
erage caliper was 0.0101 inch with a standard deviation
of 0.341, indicating that approximately 99% of the
rolls should fall within a range limit of +0.001 inch
(0.0091 to 0.0111 inch). The average apparent density
-was30.7 'pounds per cubic-foot -and-theaverage frmois- -
ture content was 9.2% on an ovendry basis. The av-
erage bursting strengthwas 32pointsandthe indicated 
uniformity was such that 51% of the rolls should fall
within a range limit of +2.5 points (29.5 to 34.5
points), 83% within a range limit of ±5.0 points (27.0
to 37.0 points), and approximately 96% within a
range limit of 7.5 points (24.5 to 39.5 points). The av-
erage Riehle compression values in the in- and across-
machine-directions were 12.9 and 10.3, respectively,
with standard deviations indicating a probability that
80 and 86% of all the rolls would fall within a range
limit of 1.5 pounds. Approximately all the rolls
should fall within'a Riehle compression range limit of
±3.0 pounds. The standard deviations for Elmendorf
tear and Amthor tensile and stretch indicate that con-
siderable variation should be expected.
MILL W
The average test results obtained .for the kraft
corrugating medium made by Mill W are seen
in Table LIII (see also .Table LXXV of the Ap-
pendix). The statistical evaluation of these results are
given in Table LIV. The average basis weight was
slightly above the grade weight and the standard devi-
ation of 0.910 indicates an expectancy that 42% of the
rolls should fall within the range limit of ±0.5 pound
(26.3 to 27.3 pounds), 73% within a range limit of
± 1.0 pound (25.8 to 27.8 pounds), and 97% within a
range limit of +2.0 pounds (24.8 to 28.8 pounds). The
average caliper was 0.0101 inch and, according to the
magnitude of the standard deviation, 85% of the rolls
should fall within a range limit of +0.001 inch (0.0091
to 0.0111 inch) and 99% within a range limit of
±0.002 inch (0.0081 to 0.0121 inch). The average
apparent density was 31.8 pounds per cubic foot and
the average moisture content was 11.1% on an ovendry
basis.
The average bursting strength was 69 points. It
should be expected that 42% of the rolls should fall
within a bursting strength range limit of +2.5 points
(66.5 to 71.5 points), 73% within a range limit of +5.0
points (64.0 to 74.0 points), and 91% within a range
limit of ± 7.5 points (61.5 to 76.5 points). The average
Riehle compression results in the in- and across-
machine directions were 17.7 and 11.5 pounds, respec-
tively. The standard deviations for the Richle
compression indicate that a range limit of + 1.0 pound
should include 46% of the rolls in the in-machine direc-
62
TABLE I
PHYSICAL CHARACTERI[ST'IICS OF .009/26-
MII[. V
1,.1 'M a







































































29 - -11- 11.3
31 12 13.7
36 11 14.7
























































II - 25.5 10.5 29.1 9.8 34 13 12.1 11.2 133 144 28.8 17.8 1.6
12 - 24,4 10.1 29.0 15.5 38 13 12.9 10.9 141 140 30.9 18.2 1.8
13 - 26.3 10.3 30.6 7.9 26 10 11.4 9.3 89 100 27.1 13.7 1.4
Average 25.8 10.1 30.7 9.2 32 11 12.9 10.3 121 134 31,0 17.2 1.4
TABLE LII





































































51 51 60 68
5.0 1.5 1.5 1.5
t10 83 70 80 86







































31 31 32 29 35 58
15.0 15.0 3.0 2.0 0.2 0.4
58 58 58 54 63 89
30:0 30.0 5.0 3.0 0.3 0.6
96 96 99 89 89 82 73 82 98
* Range limits were arbitrarily selected.
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TAIL I'E I11




- .. .-- Weight,-
lb.
Date (12 x 12
Roll Mnanuf. /1000)




Riehle ' Elmendorf Amthor
'- - - G.E.- Compression,- -' Tear, - ' Tensile,- Amthor -
Bursting Punc- Ih. , g./sheet lb/in. Stretch, %
Strength, ture, -




4.- - - -5- '













































20 18.7 12.4 240
20 18.3 12.0 236
19 18.2 12.1 229
_21_ 16 4 10.9 __ 260






18 16.0 11.5 214 293
18 15.8 10.3 213 292
18- -'17:3- 10:7" 226 310 - -
20 18.9 11.9 215 300(
19 20.3 11.7 221 304'
II . 2-28-45. 26.0 9.4 33.2 .11.0 65 18 18.3 11.7 214 269 54.8 22.0 1.9 4.5
12 2- 3-45 27.2 10.6 30.8 6.1 65 20 14.9 10.3 ' 231 277 55.3 21.6 1.9 4.1
13 2- 3-45 26.5 10.2 31.2- .6.2 63 18 16.7 11.7 212 276 55.8 21.8 2.1 4.3
Average . 26 8 10.1 31.8 11.1 69 19 17.7 11.5 228 300 56.6 21.8 2.1 3.8
TABLE LIV














' Standard deviation 0.91
Range limit (±)* 0.5
'Approximate
probability, % 42
Range limit (±)' 1.0
Approximate
probability, % 73
































Amthor Tensile,. Amthor Stretch,
Ib./in. .%































42 60 46 82 38 32 32 75















80 65 96 68 60 58 98 43 64
3 0 3.0 3.0 30.0 30.0 5.0' 3.0 0.3 0.6
- 91 99 84 99 95 91 82 99 61 83
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....- -.- --- Weight,
lb.









Riehle _ _ rElmendorf. -. Amthor-- - - - - -
G.E. Compression, Tear, Tensile, Amthor
Mois- Bursting Punc- lb. g./sheet lb./in. Stretch, %
ture, Strength, ture, -















26.3 0.3 33.9 5.5
- 27 1 9.5 34.2 6.7
26.0 9.2 33.9 5.1
.26.4 ...-. 3--.34.1---5.3-





















27.8 9.8 34.0 11.2
28.1 10.0 33.7 11.0
28.5 9.5 36.0 11.2
26.7 9.9 32.4 11.1
64 18 17.8 13.8
67, 19 18.1 12.9
71 18 18.1 13.4
.- -- 70----19- - --18.7-13:8-
66 21 17.7 12.6
68 21 17.5
68 . 20 ..17.2
63 24 15.7
























































17.4 13.5 261 295 56.2 25.0 2.1 5.4
16.8 12.4 250 297 56.4 25.3 2.2 3.8
18.8 13.9 250 288 58.1 24.9 2.1 5.4
15.3 12.2 245 266 49.1 25.3 2.0 3.7
Average 27.4 9.8 33.7 8.7 68 21 17.1 13.1 250 281 52.1 25.3 2.1 4.3
TABLE LVI












Range limit (±)* 0.5
Approximate
probability, % 43
Range limit (±+) 1.0
Approximate
probability, % 75




















































































26 24 24 30 55 19
15 0 15.0 3.0 2.0 0.2 0.4
60 77 89 49 45 46 56 87 36
3.0 3.0 3.0 30.0 30.0 5.0 3.0 0.3 0.6
- 98 91 98 99 81 * 77 69 75 98 52












































































































Average 26.0 9.3 33.9 9.7 58 15 17.3 12.3 189 219 50.7 22.1 2.0 3.6















Range limit (±)' 0.5
Approximate
probability, % 50
Range limit (±)* 1.0
Approximate
probability, % 82






































18 37 28 46
5.0 1.5 1.5 1.5
35 52 41 64




























28 23 24 27
15.0 15.( 3.0 2.0
53 44 46 52


















- 50 83 72 94 85 75 69 71 94 78
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Dale (12 x 12' 0.001









































- Elmendorf- -- Amthor -
'Tear, Tensile,
g./shect lb./in.















6 2-26-45 26.5 9.1 . 34.9 9.5 77 19 20.8 17.7 244 236 53.4
7 2-26-45 26.4 9.0 _35.2,.- 9.1_ _ .79 19 20.9 16.2 226 -247 --- 57-.8
8 2-26-45 26 4 9.0 35.2 0.9 75 19 20.1 15.0 231 254 55 9
9 2-26-45 . 26.6 9.0 35.5 10.9 78 19 - 20.8 15.4 231 - 241 57 1'
10 7-21-44 26.6 9.4 33.9 8.6 74 19 18.5 15.0 257 268 49.4
11 7-21-44 26.3 9.4 33.6 10.8 73 20 17.2 14.2 262 260 47.3
Average 26.8 9.3 34.7 9.1 75 20 19.9 15.8 251 262 53.8 33.0 ' 2.0 4.7
TABI.E LX


















Range limit (±)* (.5
Approximate
probability, % 66
Range limit (±)' 1.0
Approximate
probability, % 95
























Amthor Tensile, Amthor Stretch,
Ib./in. %






99 37 67 47
2.0 5.0 1.5 1
10) 66 86 65


























59 34 24 30 30








78 62 46 56 55 80 46
.0 3.0 ' 30.0 30,0 5.0 3.0 0.3 0.6
- .85 99 94 99 92 78 81 74 95 (6
































tion and 82% in the across-machine direction. A range it should be expected' that 50% of the rolls made in '
limit of + 1.5 pounds should include 65% in the in- this grade by Mill Y should fall within a basis weight
machine direction and 96% in the across-machine range limit of ±0.5 pound (25.5 to 26.5 pounds), 82%
direction, and a range limit of ±3.0 pounds should in- within a range limit of ±+1.0 pound (25.0 to 27.0
elude 84 and 99%, respectively. Elmendorf tear and' pounds), and 99% within a range limit of ±+ 2.0 pounds
..... -Amthor - tensile- and- stretch -exhibited rather -large- -(24.0 to 28.0 pounds). Approximately-97% of the rolls -
standard deviations, signifying that considerable vari- should fall within a caliper range limit of +0.001. inch
ation should be expected. . (0.0083 to.0.0 103 inch). The standard deviation for the
bursting strength was 11.0, which indicates that only
MILL X 18% of the rolls should be expected to fall within a
Th. argtte tbtn os p t range limit of +2.5 points (55.5 to 60.5 points), 35%.... -- Theaverage-test.rcsults-obtained-.on.samples.oLfthe- .ithi _ -.liit fS.'0- pit.(53..0-t.63
kraft corrugating medium made.by Mill X are pre- , i i points
sented in Table LV (see also Table LXXVI of the Ap- points), and 50% within a range limit of ±7.5 points
-- ... . .effdi)-'Itiff b LXXed- a g - (Q50.5 to 65.5 points). The standard deviations for thep ndix). It mav e observed that -the average- basis o +7 
weight was 27.4 pounds T average caliper was Riehl compression in the in- and across-machine di-
pound. Te a e c r ws rections indicate that 28 and 46%, respectively, should
0.0098 inch and the average apparent density was0.0098 inch and the average apparent density was fall within the range limit of ± 1.0 pound, 41 and 64%
33.7 pounds per cubic foot. The average bursting within the range limit of .5 pounds, and 72 and
strength was 68 points and the average moisture 8.7% 94 within the range limitof + 3 pounds. The stand-j i,* . AA, ,, .,, .i 94% within the range limit of + 3.0 pounds. The stand-on an ovendry basis. The average Riehie compression, .. . ., ... ,. . ard deviations for Elmendorf tear, G E. puncture, andvalues in the in- and across-machine directions were , Epu r, 
values In the In- and os-ci directions were Amthor tensile and stretch indicate considerable non-
17.1 and 13.1 pounds, respectively. uniformity of these characteristics in the .009/26-lb.
The statistical evaluation of these results is given
in Table LVI. On the basis of a standard deviation of kraft corrugating medium
0.881 for basis weight, it should' be expected that 43% MILL Z
of the rolls should' fall within a range limit of ±0.5
,I >^ ,T ,. AS\ ~ . . - *. The average test results obtained on samples of thepound (26.9 to 27.9 pounds), 75% within a range limit a eu ad b M Z are g i i
f + 0 un d (6 4 to 28.4 p a 9 owkraft corrugating medium made by Mill Z are given in-of ± 1.0 pound (26.4 to 28.4 pounds), and 98% within
a range limit of ±2. poun ds (25.4 to 2A9.4 pound Table LIX (see also Table LXXVIII of the Appen-
a'rhnge limitof' ±2.0 pounds (25.4 to- 29.4 pounds). dix). The average basis weight was 26.8 pounds, theWith a standard deviation for caliper of 0.507, ap- average basis weight was 26.8 pounds, the
proximately 95% of the rolls should fall within a range caliper 0.0093 inch, and the average apparent
a range density 34.7 pounds per cubic foot. The average moil-'limit of ±0.001 inch (0.0088 to 0.0108 inch). Approxi- tre content 347 pounds per cubic foot. The average mois- 
mately 58% of the rolls should fall within a bursting he aver-
strength range limit of +2.5 points (65.5 to 70.5 age bursting strength was 75 points and the average .
points), 89% within a range limit of ±5.0 points (63.0 Riehle compression values for the in- and across-.
to 73.0 points), and 98% within a range limit of + 7.5 machine directions were 19.9 and 15.8 pounds, respec-
point (60.5 to 75.5 'points). The st andard deviate . tively. It should' be noted that Rolls Z-2 and'Z-3 were
points (60.5 to 75.5 points). The standard deviation m a t m o 14 and t w
for the Riehle compression in the in-machine direction made approximately the middle of 1943 and thus were
indicates that 58, 77, and 98% of the rolls should fall substantially older than the others; however, the aver-
within range limits of ± 1 0 ± 5, and ±3.0 pnds, age results obtained for these rolls do not vary mark-within range limits of + 1.0, + 1.5, and +3.0 pounds, -
respectively. For the across-machine direction, ap- edly from the average of the values for the other rolls.respectively. For the across-machine direction, ap-
proximately 71, 89, and 99% of the rolls should fall The statistical evaluation of these results is pre-
within range limits of ± 1.0, ± 1.5 and +30 pounds, sented in Table LX. The magnitude of the standard
respectively. deviation for the basis weight indicates that 66% of
-,,, 5 .... i , .- c .1 T-I i r i~ the rolls should fall within the range limit of +0.5The statistical evaluation of the Elmendorf tear, the rolls should fall within the range limit of ±0.5
Amthor tensile and stretch, and G. E. puncture indi- Pound (26.3 to 27.3 pounds), 95% within the range
cates that, on the average, approximately 50% of the limit of + 1.0 pound (25,8 to 27.8 pounds), and 99%
rolls should fall within the second arbitrarily selected within a range limit of -2.0 pounds (24.8 to 28.8
~range limitforeachtest~. ' pounds). Approximately 99% of the rolls should fallrange limit for each test.… 1::, -C In nl :..W /-
MILL Y .
The average results obtained on samples of the kraft
corrugating medium made by Mill Y are given in
Table LVII (see also Table LXXVII of the Appendix).
The average basis weight was 26.0 pounds, the average
caliper 0.0093 inch, and theaverage apparent density
was 33.9 pounds per cubic foot. The average bursting
strength was 58 points, and the average Riehle com-
pression values in the in- and across-machine directions,
were 17.3 and 12.3 pounds, respectively. The average
moisture content was 9.7%70 on an ovendry basis.
The statistical evaluation of these results is found
in Table LV[II. ()n the basis of the standard deviation,
WI11n a caiipci irang lilmt U1 VI UV.UI 111II kUJUUOO 10
0.0103 inch). The standard deviation of the bursting
.strength indicates that 37% of the rolls should fall
within a range limit of .+2.5 points (72.5 to 77.5
points), 66% within a range limit of ±5.0 points (70.0
to 80.0 points), and 85% within a range limit of +7.5
points (67.5 to 82.5 points). The standard deviations
for the Riehle compression values in the in- and across-
machine directions indicate that 47 and 59% of the
rolls, respectively, should fall within a range limit of
± 1.0 pound; 65 and 78% within a range limit of + 1.5,
pounds, and 94 and 99% within a range limit of ±3.0
Founds. The standard deviations for Elmendorf tear,
G. E. puncture, and Amthor tensile and stretch indi-
cate the respective uniformities of these characteristics.
~r?.. 'SUA MM, -.ARY i
SUMIMARY
The results presented in this part of the baseline
study are concerned with the problem of sampling, in
a truly impartial cross-sectional manner, the current
routine production of the co-operating mills and evalu-
-- ating-these samples as completely as- possible by
means of existing board testing methods.
The second phase of the baseline study involved
(I) the selection of the most representative rolls of each
mill's sampled production, and (2) the fabrication of
these representative rolls into corrugated combined
boards and their conversion into boxes.
Because the first part of the baseline study was con-
cerned only with the sampling and evaluation of the
component parts, no conclusions regarding the rela-
tionship between the quality of component parts and
the performance of combined board and boxes fabri-
cated from these components can be made at this time.
However, the results of this phase of the study indi-
cate that the average quality of the sampled 42-lb.
D.F.B.S. Fourdrinier kraft liner and of the .009/
26-lb. kraft and bogus corrugating mediums were as
follows:
Basis weight, lb./1000 sq. ft.
Caliper, in.
Apparent density, lb./cu. ft.
Bursting strength, points












































It should be remembered that these data are based
on the actual rolls sampled and on conventional test
methods.
For those tests in which orientation of the specimen
is specified, the approximate ratios observed in the in-








The ratio of the bursting strength to the G. E. punc-
ture on 42-lb. D.F.B.S. Fourdrinier kraft liner was of
the order of 2.7:1.
The ratio was not computed for the .009/26-lb. cor-
rugating medium since the relatively high capacity of
the G. E. puncture tester did not allow sufficient sub-
division of the scale to permit distinguishing between
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